Advanced electronic systems designed for use in planetary exploration missions must operate efficiently and reliably under the extreme low temperatures of deep space environment. In addition, spacecraft power electronics capable of low temperature operation will greatly simpli@ the thermal management system by eliminating the need for heating units and associated equipment and thereby reduce the size and weight of the overall power system. In this study, film, mica, solid tantalum and electric double layer capacitors were evaluated as a function of temperature in terms of their dielectric properties. These properties included capacitance stability and dielectric loss in the frequency range of 50 Hz to 100 kHz. DC leakage current measurements were also performed on the capacitors. The results obtained are discussed and conclusions are made concerning the suitability of the capacitors investigated for low temperature applications.
INTRODUCTION
In many future NASA missions such as planetary exploration, space probes, and communication satellites, high power electrical components and systems must operate reliably and efficiently in very cold environments. Electronic instrumentation and power systems deployed near Pluto will encounter temperatures as low as -229 "C [ 11.
Power electronics capable of low temperature operation will not only survive the harsh environments, but will reduce system size and weight by eliminating the need for radioactive heating units and associated equipment. thereby reducing launch cost, improving reliability and lifetime [2] , and increasing energy densities.
Low temperature electronic components will also have a great influence in many terrestrial applications such as cryogenic medical instrumentation, superconducting magnetic energy storage ancl distribution systems for the power industry, magnetic levitation transportation systems 
EXPERIMENTAL PROCEDURE
Eleven different capacitors from various manufhctu~rs were investigated in this study. These include one polycarbonate and three polypropylene f i l m capacitors, one mica, one solid tantalum, and five different electric double layer @DL) capacitors. The polypropylene capacitors were different in their power handling capability and device encapsulation. Some of the capacitor specifications, which include capacitance, tolerance, voltage rating, dissipation factor, equivalent series resistance (ESR), and operating temperature, are listed in Table I. 0-7803-4927-X/98/$10.00 0 1998 EEE This data was representative of all the units tested of the same type. Table I1 is for selected fresuencies of 1 kHz, 20 kHz, and 50 kHz. It can be clearly seen that all capacitors, except the solid tantalum ones, have shown good stability in their capacitance and dissipation factor at or after exposure to the cryogenic temperature. The solid tantalum capacitor, however, exhibited a modest decrease in its capacitance and a significant increase in its dissipation factor only when tested at liquid nitrogen (-196°C) temperature. These effects were more profound at high frequencies.
The DC leakage current of the non-EDL capacitors is shown in Table III . In general, there is no effect of aging on this property of the capacitors. When the measurements were carried out at liquid nitrogen, however, the leakage current seemed to decrease from its original value for all the capacitors. It can be postulated that the very cold temperature environment might have affected the ionic mobility or the electronic conductivity, and might have influenced molecular dipole relaxation and other interaction phenomena.
The capacitance and the DC leakage current of the EDL capacitors are shown in Table IV 
